We previously have described the cAMPmediated induction of cholesterol and phospholipid eff lux from the murine macrophage RAW264 cell line to lipid-free apolipoprotein acceptors. This induction of cholesterol eff lux is associated with increased binding and association of apolipoprotein to the cells. In the present study, using primarily apolipoprotein AI (apoAI) as the acceptor, cAMP-dependent cholesterol eff lux to apolipoprotein acceptors was associated with apoAI binding to coated pits, cellular uptake, and resecretion. After cell association and washing, 58% of the apoAI was resecreted during a 90-min chase period. In addition, after apoAI uptake and washing, cholesterol eff lux was observed during a chase period without additional acceptors. Cholesterol eff lux was partially blocked by chlorpromazine and hypertonic media, two inhibitors of coated pit endocytosis. Cholesterol eff lux to apoAI was found to depend on extracellular calcium. By temporally separating the cAMP induction phase from the apoAI chase phase, calcium was found to be required during the apoAI chase phase rather than during the cAMP induction period. In the absence of calcium the 8-Br-cAMP-mediated induction of apoAI binding was maintained, but the specific apoAI cellular association was inhibited. The data are consistent with a model for cholesterol eff lux to apolipoproteins that involves a calcium-dependent endocytic pathway, followed by recycling and the subsequent release of the nascent lipoprotein particle from the cell.
Foam cells, derived from monocyte-macrophage, play a pivotal role in the early fatty streak stage of atherosclerosis (1) . The mass of cholesterol in a macrophage is a function of the amount of cholesterol it takes up and synthesizes endogenously, and the amount of cholesterol that it can dispose of. The unregulated uptake of cholesterol via macrophage scavenger receptors is considered the main mechanism of cholesterol accumulation in these cells. There are only two known pathways for macrophages to dispose of cholesterol: (i) via cholesterol efflux to cholesterol acceptors (2) , and (ii) via cholesterol 27-hydroxylase, which converts cholesterol to a more water-soluble form (3) . These methods of cholesterol disposal are the first steps of the reverse cholesterol transport pathway (4), a process in which cholesterol is removed from the periphery for delivery to the liver for disposal. However, despite much effort, the mechanism of cholesterol efflux from peripheral cells to extracellular acceptors is still not fully understood. Two major pathways are considered to be involved in the transfer of cholesterol from the cell membrane to acceptors. The first pathway, defined by Rothblat, Phillips, and their colleagues (5) , involves high density lipoprotein (HDL)-like acceptors and has the properties of passive diffusion of cholesterol from cell membrane zones with a high cholesterolto-phospholipid ratio down a concentration gradient to acceptor particles with lower cholesterol to phospholipid ratios. This pathway appears to be mediated by the membrane protein SR-B1, as the activity of this pathway is correlated with SR-B1 levels in various cell lines (6) . The second pathway for cholesterol efflux, originally identified by Yokoyama (7, 8) , uses lipid-free apolipoprotein acceptors, such as apolipoprotein E (apoE) and apolipoprotein AI (apoAI), as well as amphipathic peptides. Cholesterol efflux to these acceptors results in the creation of immature pre-␤ HDL-like particles, which can be further acted on by lecithin-cholesterol acyl transferase to lead to the formation of spherical HDL (9) . The cellular mediators of this pathway are not known.
We previously reported that cholesterol efflux to apolipoproteins from the murine macrophage RAW264 cell line is absent in basal conditions, but inducible by treatment of the cells with cAMP analogues (10) . Our data support the model that cAMP induces expression of a membrane receptor for apolipoproteins that transfers both cholesterol and phospholipids to the acceptor and results in the net efflux of cholesterol from cells (10) . We now present ultrastructural, pharmacological, and pulse-chase studies that characterize a calciumdependent pathway for cholesterol efflux to apolipoproteins involving receptor-mediated endocytosis in coated pits followed by the resecretion of a nascent lipoprotein particles.
METHODS

Materials.
Human apoAI and apoE2 were commercially obtained (PerImmune, Rockville, MD). Alternatively, apoAI was purified from human HDL as described (11) , and its concentration was determined by an alkaline modification of the Lowry assay (12) . Chlorpromazine, 8-Br-cAMP, and other fine chemicals were obtained from Sigma. Antibodies to annexins I, V, VI, and VII were from Santa Cruz Biotechnology.
Cholesterol Eff lux Studies. Cholesterol efflux experiments were performed as described (10) , with minor alteration. Subconfluent RAW264 cells in 24-well dishes were cholesterol loaded and labeled in 0.5 ml of DGGB (DMEM supplemented with 50 mM glucose, 2 mM glutamine, and 0.2% BSA) containing 50 g͞ml [ 3 H]cholesterol-labeled acetylated low density lipoprotein (LDL). On the next day, the cells were washed twice with PBS containing 0.2% BSA and chased with 1 ml of DGGB containing apoAI or human HDL with or without 0.3 mM 8-Br-cAMP. At the specified times, 100 l of medium was removed for determination of radioactivity after centrifugation to remove cell debris. At the end of the chase period, the cells were dissolved in 0.5 ml of 0.2 M sodium hydroxide, and the radioactivity in an aliquot was measured. The percentage of cholesterol efflux was calculated by dividing the medium-derived radioactivity͞dish by the sum of the radioactivity in the medium and the cells. Other variations of the basic time course of these experiments are detailed in the The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked ''advertisement'' in accordance with 18 U.S.C. §1734 solely to indicate this fact.
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figure legends. For calcium-free conditions, calcium-free DMEM was substituted for DMEM in preparing DGGB, and cells were washed with PBS͞0.2% BSA containing 1 mM EGTA. Cytotoxicity was assessed by measuring lactate dehydrogenase (LDH) activity (Cytotox96 kit, Promega) in the medium divided by total LDH activity released from the cells after cell lysis with 0.9% Triton X-100. Apolipoprotein Binding, Association, and Degradation. ApoAI (125 g) in 0.1 M phosphate buffer, 3 M urea was iodinated with Iodo-beads (Pierce), according to the manufacturer's instructions. The radiolabeled apoAI was purified by Sephadex G-25M column chromatography (Amersham Pharmacia) and purity of the labeled apoAI was verified by SDS͞PAGE and autoradiography. Binding at 4°C was performed for 1 hr on nearly confluent cells in 24-well dishes, with 500-3,000 ng͞ml of [ 125 I]apoAI, as described (10) . For calcium-free binding, cells were washed with PBS͞0.2% BSA͞1 mM EGTA, and binding was performed in calcium-free DGGB containing 20 M EGTA. After the incubation, the cells were washed once with cold PBS͞0.2% BSA and twice with cold PBS, and dissolved in 0.5 ml of 0.2 M sodium hydroxide. 125 I radioactivity and cell protein in the lysate were determined. Specific binding was calculated as total binding minus nonspecific binding, which was determined in wells incubated with 40-fold excess nonlabeled apoAI, and normalized per mg of cell protein. Specific cellular association and degradation of [ 125 I]apoAI were determined by incubation at 37°C for 3 hr by using 3,000 ng͞ml apoAI, as previously reported. Specific uptake and degradation were calculated by subtracting the nonspecific uptake and degradation measured in the presence of 40-fold excess unlabeled apoAI. [ 125 I]apoE2 (1,000 ng͞ml), labeled with Bolton-Hunter reagent (New England Nuclear) as described (10) , was used for a cell association study performed as described above.
Apolipoprotein Resecretion. RAW264 cells were cholesterol-loaded with or without 0.3 mM 8-Br-cAMP for 16 hr. On the next day, after washing twice with prewarmed PBS, the cells were incubated for 1 hr at 37°C with either [ 125 I]apoAI (1,200 ng͞ml, 1712 cpm͞ng) or [ 125 I]apoE2 (1,000 ng͞ml, 2,455 cpm͞ng) in DGGB, with or without 0.3 mM 8-Br-cAMP. The cells then were washed five times with cold PBS containing 1 mM calcium chloride, 0.2% BSA, and 5 g͞ml human HDL, to remove any apolipoprotein adherent to the cell surface. The cells then were chased for 90 min at 37°C in 0.5 ml of DGGB containing 50 g͞ml HDL, with or without 0.3 mM 8-BrcAMP. After this chase, the media were saved and the cells were washed once with PBS͞BSA and twice with PBS and dissolved by incubation in 0.5 ml of 0.2 M NaOH for determination of the residual cell associated radioactivity. Total and trichloroacetic acid (TCA)-soluble radioactivity in the medium was determined as described above. The total cell uptake was calculated as the medium plus cell-associated radioactivity at the end of the chase period. The amount of degradation was determined as the TCA-soluble fraction of the medium, and the amount of resecreted apolipoprotein was the difference between the total and degraded radioactivity in the medium. An aliquot of the medium was spun in an ultracentrifuge to obtain an HDL fraction (1.050 Ͻ d Ͻ 1.21).
Electron Microscopy of apoAI Bound to Cells. RAW264 cells were incubated for 24 hr with 100 g͞ml of acetylated LDL, with or without the addition of 0.3 mM 8-Br-cAMP. The cells were washed and incubated at 4°C for 90 min with 20 g͞ml of unlabeled human apoAI in DGGB. After washing, the cells were incubated for an additional 60 min at 4°C with a 1:250 dilution in DGGB of anti-human apoAI IgG (Incstar, Stillwater, MN). The cells were washed and incubated for 50 min at 4°C with a 1:20 dilution in DGGB of protein A colloidal gold (Pierce). The cells were fixed in 2.5% glutaraldehyde for transmission electron microscopic analysis at The Rockefeller University core laboratory. All photos were originally at ϫ65,000 magnification.
Statistics. Statistical analyses were performed by using PRISM software (GraphPad, San Diego).
RESULTS
8-Br-cAMP induced cholesterol efflux from RAW264 cells to apoAI in a dose-dependent manner that was saturable at about 10 g͞ml (data not shown), similar to our published data for cAMP-mediated efflux to apoE (10) . In the absence of 8-BrcAMP, apoAI did not lead any cholesterol efflux over the background level. We previously had demonstrated that 8-BrcAMP treatment induces apoE and apoAI binding to RAW264 cells (10) . Ultrastructural analysis via transmission electron microscopy was performed to localize the site of the cAMP-induced binding of apoAI. RAW264 cells were pretreated with or without 8-Br-cAMP and were incubated with unlabeled apoAI. The bound apoAI was visualized with antibody to apoAI and protein A-colloidal gold. The results were striking; virtually no gold particles were detected in samples from the untreated cells (not shown), whereas gold particles were easily seen in the cAMP-pretreated samples ( Fig. 1 ). The gold particles were seen associated only with the plasma membrane ( Fig. 1 A) , or more commonly in what appear to be coated pits or coated vesicles ( Fig. 1 
B-D).
To confirm that coated pits play a role in RAW264 cells in the cAMP-mediated cholesterol efflux to apoAI, chlorpromazine and hypertonic shock were used as two different pharmacological treatments that inhibit clathrin-coated pit formation and receptor-mediated endocytosis (13, 14) . Initial experiments determined times and doses of chlorpromazine and sucrose that were reported to inhibit endocytosis and did not increase cytotoxicity above 8%. 8-Br-cAMP was added as a pretreatment, so that the effects of these treatments could be ascertained in 2-to 4-hr chase periods. Chlorpromazine (50 M) led to a marked reduction in the cAMP-mediated cholesterol efflux to apoAI during a 4-hr chase, without affecting the basal efflux level ( Fig. 2A) . Sucrose (0.3 M) also decreased the cAMP-mediated cholesterol efflux to apoAI in a 2-hr chase period, although the basal efflux level was also slightly decreased by the hypertonic medium (Fig. 2B) . Chlorpromazine also reduced cAMP-induced cholesterol efflux to apoE (data not shown). To determine whether there was resecretion of the apolipoprotein after cellular uptake, RAW cells were incubated with labeled apoAI or apoE for 1 hr, and after extensive washing in the presence of HDL, the cells were chased for 90 min with unlabeled HDL to compete for reuptake of any resecreted apolipoproteins. The cAMP pretreatment greatly increased total [ 125 I]apoAI cell uptake (Fig. 3A) . After the subsequent 90-min chase, 58% of the cell-associated label was resecreted into the medium as protein-associated radioactivity, and 32% was degraded, whereas only 10% remained associated with the cells (Fig. 3A) . The chase medium and an aliquot of chase medium of HDL density from cAMP-pretreated cells were run on SDS͞PAGE and radioactivity in intact apoAI was apparent by autoradiography (Fig. 3A, Inset) . In a similar resecretion experiment with [ 125 I]apoE2, 33% was resecreted, 35% degraded, and 32% remained with the cells after the 90-min chase (data not shown). In a related experiment, we allowed cholesterol-loaded cells, treated with or without 8-BrcAMP, to take up apoAI for 1 hr, and after thorough washing we detected significant cAMP-dependent [ 3 H]cholesterol efflux during a subsequent 30-min chase without exogenous apoAI (Fig. 3B) . The low level of cholesterol efflux in this experiment is caused by the short incubation and chase periods. Thus, not only is cell-associated apoAI secreted back into the media, but cholesterol also is released at the same time in the absence of additional acceptors.
We next examined the role of extracellular calcium ions in cholesterol efflux to apoAI and HDL. We previously had shown that HDL mediates a dose-dependent cholesterol efflux that has both cAMP-independent and cAMP-dependent components (10) . The removal of calcium from the medium significantly inhibited the cAMP-induced cholesterol efflux to both apoAI and HDL, but did not inhibit the cAMPindependent cholesterol efflux to HDL (Fig. 4) . In these experiments, cytotoxicity was never greater then 7%, as assayed by lactate dehydrogenase release (data not shown). Calcium removal also significantly inhibited the cAMPinduced cholesterol efflux to apoE (data not shown), confirming the similarity of the efflux pathway that we observed previously for these two apolipoprotein acceptors (10) . In a calcium dose-response study, the half-maximal inhibitory effect on cAMP-mediated cholesterol efflux to apoAI was observed between 30 and 100 M Ca 2ϩ (data not shown). To determine at which stage calcium was needed in the cAMP-mediated cholesterol efflux to apoAI, a series of timecourse experiments were performed with 8-Br-cAMP added in four different regimens (Fig. 5) . If 8-Br-cAMP was added only during the chase phase, there was a time lag of about 8 hr before increased cholesterol efflux to apoAI was observed (Fig. 5A) , similar to what we have observed previously for efflux to apoE (10) . However, if the cAMP analogue was added during a 16-hr pretreatment period and again during the chase phase, induced cholesterol efflux was apparent by 2 hr, which was the first time point examined, and increased throughout the 24-hr chase (Fig. 5A) . If cAMP was omitted during the chase, having been present during the pretreatment, cholesterol efflux increased through the first 4 hr, but did not increase further afterward (Fig. 5A) . Thus, 8-Br-cAMP addition during the pretreatment phase was still effective to induce cholesterol efflux for 4 hr after being washed out. We took advantage of this temporal separation of the cAMP induction phase, during the pretreatment, from the chase phase to determine which phase depended on calcium. Fig. 5B shows the results of this experiment in which 8-Br-cAMP, if added, was present only during the pretreatment phase, and cholesterol efflux to apoAI was followed during the subsequent 4-hr chase. Calcium-free medium was used either during the pretreatment or the 4-hr chase phase. The absence of calcium from the medium during the apoAI chase inhibited cholesterol efflux significantly (P Ͻ 0.01), whereas its absence during the cAMP pretreatment had no significant effect on cholesterol efflux (Fig. 5B) .
Because extracellular calcium apparently was not necessary for cAMP-mediated signal transduction during the pretreatment phase, we next determined which step in this efflux pathway required calcium. We previously had shown that cAMP treatment induced apoAI or apoE binding to RAW264 cells at 4°C (10); thus, specific binding of [ 125 I]apoAI in the presence or absence of calcium was assayed in cells that had been pretreated with or without 8-Br-cAMP. Pretreatment with cAMP induced specific binding of apoAI to RAW264 cells, confirming our earlier findings, and, the absence of calcium during the binding experiment did not inhibit apoAI binding to the cells (Fig. 6A , representative of four independent experiments). Next, we checked whether apoAI cell association and degradation at 37°C were affected by calcium removal. 8-Br-cAMP pretreatment significantly induced both apoAI cellular association and degradation (P Ͻ 0.001), and these cAMP inductions both were inhibited by the removal of calcium (Fig. 6 B and C) . However, calcium removal also increased basal apoAI cell association in the absence of 8-Br-cAMP pretreatment (Fig. 6B) . We also examined the effect of calcium-free medium on the cell association of apoE2, which was induced by cAMP treatment. This induction of apoE2 cell association also was blocked in the calcium-free media; however, unlike apoAI association, there was no significant increase in the basal cell association in the absence of calcium (Fig. 6D) . We also examined the effect of calcium on resecretion of apolipoproteins from cells. In an experiment analogous to that shown in Fig. 3A , if calcium was omitted solely during the 90-min chase of cAMP-treated cells preloaded with labeled apoAI or apoE, there was no effect on resecretion of either apoAI or apoE (data not shown). Thus, extracellular calcium appears indispensable for apolipoprotein endocytosis, but not for resecretion.
We investigated the calcium-dependent enzyme secretory phospholipase A 2 (sPLA 2 ) and its product lysophophatidylcholine (lyso PC) for their potential in altering cholesterol efflux. At doses up to and including 75 g͞ml, lyso PC had no effect on cholesterol efflux to apoAI (data not shown). At doses of 100 g͞ml and greater, lyso PC did lead to increased cholesterol efflux from RAW264 cells; however, this activity was completely concordant with its cytotoxic activity (data not shown). Furthermore, adding exogenous snake venom sPLA 2 (90 units͞ml) had no effect on cholesterol eff lux from RAW264 cells (data not shown). Thus, sPLA 2 or lyso PC are not likely to be involved in the cAMP-mediated induction of cholesterol efflux to apolipoproteins. We also examined whether cAMP could induce annexins I, V, VI, and VII, which are calcium and phospholipid binding proteins, as candidates for playing a role in this process. Western blot analysis of whole-cell extracts of RAW264 cells treated with or without 0.3 mM 8-Br-cAMP showed basal expression of annexins I, V, and VII, but no induction by the cAMP treatment, whereas annexin VI was not detected (data not shown). However, these data do not rule out the possibility that a member of the annexin gene family plays a calcium-dependent role in cholesterol efflux to apolipoproteins. Additionally, we examined whether 0.3 mM 8-Br-cAMP treatment induced the mRNA for the HDL receptor SR-B1; and rather than an increase, there was an Ϸ60% decrease in SR-B1 mRNA in Northern blots (data not shown).
DISCUSSION
We previously proposed that the cAMP-induced lipid efflux to apolipoproteins is mediated by a cAMP-induced receptor for apolipoproteins, which functions to transfer lipids from the cell to the apolipoprotein, followed by the release from the cell of the nascent lipoprotein particle (10) . ApoAI and apoE were found to cross compete for binding to cAMP-treated cells (10) . In the current study we primarily present data by using apoAI as the apolipoprotein acceptor, as apoAI exhibited less nonspecific binding than apoE in our cell culture experiments; although, our findings in this study apply equally to apoE, except as discussed below. Our ultrastructural data and the results of experiments with chlorpromazine and hypertonic media all point toward a role for coated pit-mediated endocytosis in this cholesterol efflux pathway; although, these inhibitors may have blocked cholesterol efflux by other mechanisms. We demonstrated resecretion of apoAI from the cells as well as cholesterol efflux resulting from prior cellular uptake of apoAI; however, the latter experiment cannot be used to determine the proportion of efflux caused by endocytosis and resecretion. Our current results also indicate that this efflux mechanism requires extracellular calcium, which also is needed for apoAI internalization, and further supports the role of endocytosis in this efflux pathway. Potential roles for calcium in the endocytosis pathway include binding to and activation of various members of the annexin gene family, which bind phospholipids in a calcium-dependent fashion, and some of which can play roles in membrane fusion and endocytosis (15, 16) . The 50-200 M calcium needed for activation of most members of the annexin gene family (17) is consistent with the dose-dependent inhibition of cholesterol efflux by calcium removal.
In 1985, Schmitz et al. (18) reported that HDL is bound to cholesterol-loaded mouse macrophages via a saturable receptor and then undergoes endocytosis in coated pits, but instead of degradation they observed resecretion, thus implying a receptor-mediated retroendocytosis pathway. Oram's laboratory (19) did not find evidence for HDL internalization by using alternate methods. Garcia et al. (20) reported that HDL was taken up into clathrin-coated vesicles by HepG2 cells, in a process that was inhibited by sucrose hypertonic shock. HDL uptake by Caco-2 cells also occurs via clathrin-mediated endocytosis (21) , and HDL retroendocytosis also is detected in these cells (22) . There is also evidence of non-HDL apoE recycling and resecretion after the uptake of triglyceride-rich lipoproteins, or reconstituted proteoliposomes containing only apoE, into Hep3b cells (23) . ApoE derived from very low density lipoprotein (VLDL) remnants is sorted into liver Golgi fractions in vivo, presumably for recycling (24) . In addition, cholesterol efflux from human fibroblasts to HDL, and binding of HDL to the cells, also were stimulated by cAMP analogues or by reagents that increase endogenous cAMP (25) . Additionally, the apolipoprotein endocytosis and resecretion pathway that we characterized in RAW264 cells may be similar to the pathways described for recycling of HDL-and VLDLderived proteins in macrophages and other cell types.
Many membrane receptors, such as the LDL receptor and the transferrin receptor, are efficiently recycled via the receptor-mediated endocytosis pathway involving clathrin-coated pits and subsequently sorted, along with the bulk of the membrane lipids, to a cholesterol-enriched pericentriole tubule network (26) . LDL is released from its receptor in the endosome and sorted to lysosomes for degradation. However, transferrin, after releasing its ferric ions in the acidified endosome, is recycled back to the plasma membrane, still bound to its receptor and then released from the cell to repeat its iron delivery function in additional cycles (26) . Based on our current and previous data, we have formulated a revised model for the cAMP-induced lipid efflux pathway in RAW264 cells. Treatment with a cAMP analogue results in the induction of a receptor protein capable of binding apoE or apoAI. This induction requires new RNA synthesis and functional transport of the receptor through the trans-Golgi network (10, 27) . Upon receptor binding to the apolipoprotein ligand, it is assembled into coated pits and endocytosed in a process that requires extracellular calcium and is inhibited by chlorpromazine. After endocytosis the receptor-ligand complex appears in endosomes. There sorting occurs and the receptor-ligand complex is directed for recycling back to the plasma membrane. In Hep3b cells, Beisiegel's laboratory (23) found that the resecretion of labeled apoE is slower than the resecretion of transferrin, and that apoE and transferrin are sorted to separate compartments within the cell. We propose that the lipid transfer may occur in either the endosome or recycling compartments. Upon recycling to the plasma membrane, the nascent lipoprotein is released from the cell carrying with it phospholipids and free cholesterol.
The identity of the cAMP-induced apolipoprotein receptor in RAW264 cells is not known, although we tentatively have ruled out SR-B1, because its mRNA is down-regulated by cAMP treatment. Other potential apo receptor candidates are HBP (vigilin) (28) and HB 2 (29) , recently reviewed by Fidge (30) . Both annexin I and annexin VII also can bind apoAI in vitro in a calcium-dependent fashion (31) , and although these may play a role in this pathway, their expression in RAW264 cells did not depend on cAMP treatment. We also propose that this apolipoprotein-specific lipid efflux pathway is defective in Tangier disease (32) and in some subjects with familial HDL deficiency (33) , although whether these specific defects reside within the receptor protein or in other protein mediators of lipid transfer or membrane recycling is not known. Because this apolipoprotein-mediated lipid efflux is likely to be a complex pathway, it is likely that two or more separate defects could decrease its activity.
The current results of the apoAI cell association and degradation experiments require further analysis. First, why did the specific apoAI cell association (Fig. 6B ) increase in the absence of both calcium and cAMP compared with the control? We do not believe that the cAMP-induced receptor involved in cholesterol efflux appears on the cell surface under these conditions, as we previously have shown that cAMP induction of this receptor involves new transcription (10) . Rather, we suspect that another apoAI binding activity is unmasked under calcium-free conditions. This analysis is bolstered by the results of apoE2-specific association, which was stimulated by cAMP treatment and also required extracellular calcium, but in this case basal association was not increased in the calcium-free medium (Fig. 6D) . Second, in the current study we found increased apoAI degradation by the cAMP-treated cells (Fig. 6C ). This finding is in contrast to our prior results with iodinated apoE2, where we observed increased specific cell association but no increased degradation (10) . We repeated the apoE2 degradation experiment and confirmed our previous finding (not shown). We do not know the reason for the discrepancy between the degradation results with apoAI and apoE, but it might be related to varying affinity of these apolipoproteins for the same receptor, or it may be because of increased protein unfolding of apoAI vs. apoE2, and thus increased susceptibility to proteolysis, caused by either factors inherent to the protein sequence, or by the variable method of iodination of apoAI vs. apoE.
In conclusion, we have determined that cAMP-induced cholesterol efflux to apoAI is associated with the binding, uptake, and resecretion of apoAI, and that endocytosis inhibitors can largely block this pathway. This induced efflux and specific apoAI cell association depended on extracellular calcium. If apolipoprotein endocytosis is necessary for lipid efflux, as our data show, then the resecretion that we observed must be the final step in this efflux pathway. Finally, we speculate that the HDL retroendocytosis pathway proposed by Schmitz. et al. (18) is mediated by the binding of apolipoproteins and represents the same pathway characterized in the present study.
